ABSTRACT
INTRODUCTION
Under the action of microorganisms, heavy metals could be converted into more toxic organic compounds, which enriched in the body of organism and could not be degraded. That caused great harm to the ecological environment. At present, the effective methods of removing heavy metals in wastewater were precipitation, ion exchange, electrochemical treatment, membrane technology, evaporation coagulation, reverse osmosis, electro dialysis and adsorption. As an effective method for the removal of heavy metals from polluted waters, the adsorption method had been widely concerned. The development of a new type of high efficient and cheap adsorbent was a hot research topic in the field. Because of its large specific surface area and high efficiency, activated carbon had become one of the commonly used adsorbents for the removal of heavy metal ions. The adsorption was easy to regenerate, which could be reused. Activated carbon was an excellent adsorbent for the removal of heavy metal ions in water. In recent years, the use of crop wastes prepared activated carbon to remove heavy metal ions had been gradually gained attention [1] [2] [3] [4] [5] . A large number of agricultural wastes caused serious damage to the environment. At the same time, agricultural wastes was cheap, the ash content was low and the hardness was moderate, which was the rich resources of active carbon preparation. Therefore, the preparation of activated carbon from agricultural waste could not only solve the environmental problems, but also reduce the production cost of activated carbon. The straw, coconut shell, rice husk, peanut shell and chestnut shell were commonly used to prepare the adsorbents of activated carbon.
Chen et al [6] using the chestnut shell as raw materials prepared the activated carbon by ZnCl2 activation, to adsorb the heavy metals of Cu 2+ and Cd
2+
ions and got a better adsorption effect. The average pore size of prepared activated carbon was between 2 and 6 nm, the pore volume was between 0.04 and 0.14 cm 3 /g, and the specific surface area was up to 1500 m 2 /g. Yao et al [7] using rice husk as raw material, zinc chloride as an activator, prepared the activated carbon as adsorbent to adsorb the heavy metal of hexavalent chromium ions. The specific surface area of the shell activated carbon was 1719. 32 m 2 /g, and the total pore volume was 1.05 cm 3 /g. when the pH was 2.0 to 3.0, the adsorption reached equilibrium in 90 minutes. Wilson et al [8] used peanut shell prepare the activated carbon, and absorbed heavy metal ions. The adsorption capacity of Pb (II), Zn (II), Ni (II), Cd (II) and Cu (II) was 159.39, 56.55, 26.36, 48.67and 47.30 mg·g -1 , respectively. The adsorption isotherm was attached to the Langmuir model.
The yield of grapefruit peel was large and the utilization rate was low, and that resulting in a great waste. However, the method for preparation of activated carbon from grapefruit peel had not been reported. In this paper, the waste of grapefruit peel was used as raw material, to prepare the activated carbon, which had high specific surface area, and large amount of capacity. The activated carbon was used as adsorbent to adsorb the heavy metal of Cu 2+ ions. The adsorption properties were investigated in the experiments.
EXPERIMENTAL Preparation of Activated Carbon
The grapefruit peel was placed in oven of 70℃ for drying 24 hours, and crushed, then through a pore size of 200 mesh sieve. Taking 40g sieved material to 500mL erlenmeyer flask, and then added 200 mL anhydrous ethanol and 100 mL NaOH at a concentration of 0.5 mol/L. After mixing 30 minutes, 100 mL MgCl2 solution at a concentration of 1.5 mol/L was added. Mixed soaked for 24 hours, followed by filtration and washed with distilled water until the pH was neutral, then dried at 80℃in drying oven for 24 hours. The dried grapefruit peel was placed into muffle furnace under N2, and programmed to 450℃ in 5℃/min rate of temperature. After 3 hours of calcination, the sample was cooled and obtained.
Measurement of Specific Surface Area
The specific surface and pore structure were measured on the Micromertics ASAP 2020HD physical adsorption instrument. The sample was evacuated and activated at 350℃, and determined the N2 adsorption capacity at -196℃. The specific surface area of the sample was calculated by BET method, and the pore volume and pore size distribution of the catalyst were determined by BJH method.
Determination of Cu2+ Concentration
The Cu 2+ ions was prepared from Cu(NO3)2, and determined by AA240DUO atomic adsorption spectrophotometry (Agilent Technologies, Inc. USA).
Determination of the Equilibrium Adsorption Amount of Heavy Metal Ions by Activated Carbon
Weighed accurately a quantity of activated carbon in a stoppered conical flask, and added to a volume of different concentrations of Cu The BET specific surface area and pore volume of the prepared activated carbon were determined by N2 adsorption-desorption experiment, and the result was shown in Fig.1 . 1 showed the specific surface area of the prepared activated carbon was 1167.9m 2 /g, the pore volume was 1.34cm 3 /g. There were micro holes in the prepared activated carbon, and the average pore diameter was 4.6 nm.
Effect of Adsorption Time
The experiment was taken 100 mL Cu With the increase of adsorption time, the adsorption efficiency of the prepared activated carbon to Cu 2+ ions continued to increase. When the reaction time was 15mins, the adsorption efficiency of Cu 2+ ions was 31.5%. The adsorption efficiency improved to 54.3% as the reaction time was 30mins. When the reaction time was 90mins, the adsorption efficiency of the prepared activated carbon to Cu 2+ ions increased to 91.2%. However, the removal efficiency of activated carbon to Cu 2+ ions was no longer increased when the reaction time was 120mins. That indicated the adsorption reaction had been balanced when the adsorption time was 90mins.
Effect of Reaction Temperature
The 50 mL Cu The adsorption reaction temperature had a great influence on the adsorption efficiency of heavy metal Cu 2+ ions. With the increase of the reaction temperature, the adsorption removal rate of Cu 2+ ions by the prepared activated carbon was firstly increased rapidly, and then decreased gradually. When the reaction temperature was 30℃, the adsorption removal rate was the highest. When the reaction temperature was 10℃, the removal rate of activated carbon to Cu 2+ ions was 52.6%. When the temperature was raised to 20℃, the adsorption removal rate of Cu 2+ ions was increased to 78.9%. When the reaction temperature was further raised to 30℃, the activated carbon adsorption removal of Cu 2+ ions was 92.3%. However, the adsorption removal rate of target pollutant decreased gradually with the further increasing of reaction temperature. When the reaction temperature was 40℃, the adsorption removal rate of Cu 2+ ions was 86.2%. While the reaction temperature continued to rise to 60℃, the adsorption removal rate of Cu 2+ ions was decreased to 77.2%. That might be due to the adsorption of heavy metals Cu 2+ ions by the prepared activated carbon was chemically adsorbed.
Effect of pH
The 50 mL Cu ions. The adsorption removal rate was the highest when the pH value of the solution was 7. When the pH value was 4, the adsorption efficiency of Cu 2+ ions by the prepared activated carbon was only 41.2%. When the pH value was raised to 6, the adsorption efficiency of Cu 2+ ions was increased to 82.3%. The removal rate of Cu 2+ ions increased to 90.8% with the pH value raised to 7. However, the removal rate decreased rapidly with the further increasing of pH value. When the pH value was 9 and 10, the adsorption efficiency of Cu 2+ ions by the prepared activated carbon was 50.1% and 45.7%, respectively. That indicated the higher pH value was not conducive to the adsorption reaction of Cu 2+ ions.
The Adsorption Isotherm
The experiments were taken 0.050 g prepared activated carbon to the conical flask, and added 50 ml Cu ions, the adsorption reaction was carried out for 24 hours, and the result was shown in Fig. 5 and Fig.6 . ions. In addition, the saturated adsorption amount could be obtained from the slope of the straight line, which was 117.6 mg/g.
CONCLUSIONS
The grapefruit peel was used to prepare the activated carbon as adsorbent to absorb Cu 2+ ions. The specific surface area of the prepared activated carbon was 1167.9m 2 /g, the pore volume was 1.34cm 3 /g, and the average pore diameter was 4.6 nm. The reaction time, adsorption temperature and pH value had significant effect on the adsorption efficiency of heavy metal Cu 2+ ions. The adsorption reaction reached equilibrium when the reaction time was 90 minutes, and the removal rate of Cu 2+ ions was 91.2%. When the reaction temperature was 30℃,the adsorption efficiency of Cu 2+ ions was the highest, which was 92.3%. The optimum pH value of adsorption reaction was 7, and alkaline environment was not conducive to the adsorption reaction of Cu 
